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Abstract
OBJECTIVES: The aim of this study was to assess the impact of aortic valve morphology and different surgical aortic valve repair techni-
ques on long-term clinical outcomes.
METHODS: Between February 2003 and May 2010, 216 patients with aortic insufﬁciency underwent aortic valve repair in our institu-
tion. Ages ranged between 26 and 82 years (mean 53 ± 15 years). Aortic valve dysfunctions, according to functional classiﬁcation, were:
type I in 55 patients (25.5%), type II in 126 (58.3%) and type III in 35 (16.2%). Sixty-six patients (27.7%) had a bicuspid valve. Aortic
valve repair techniques included sub-commissural plasty in 138 patients, plication in 84, free-edge reinforcement in 80, resection of
raphe plus re-suturing in 40 and the chordae technique in 52. Concomitant surgical procedures were CABG in 22 (10%) patients, mitral
valve repair in 12 (5.5%), aortic valve-sparing re-implantation in 78 (36%) and ascending aorta replacement in 69 (32%). Mean follow-
up was 42 ± 16 months and was 100% complete.
RESULTS: There were six early deaths (2.7%). Overall late survival was 91.5% (18 late deaths). There were 15 (6.9%) late cardiac-related
deaths. NYHA functional class was ≤II in all patients. At follow-up, 28 (14.5%) patients had recurrent aortic insufﬁciency ≥ grade II. The
freedom from valve-related events was signiﬁcantly different between bicuspid and tricuspid valve implantation (P < 0.01), between
type I + II and type III (P < 0.001) dysfunction and between the chordae technique and plication, compared to free-edge reinforcement
(P < 0.01). Statistically-signiﬁcant differences were found between patients who underwent aortic valve repair plus root re-implantation,
compared to those who underwent isolated aortic valve repair (P = 0.02).
CONCLUSIONS: aortic valve repair including aortic annulus stabilization is a safe surgical option with either tricuspid or bicuspid valves;
even more so if associated with root re-implantation. Patients with calciﬁed bicuspid valves have poor results.
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INTRODUCTION
In the last two decades, aortic valve repair (AVR) has evolved
into an accepted treatment for patients with aortic insufﬁciency
(AI). Since the introduction of the functional classiﬁcation of AI
[1], results of AVR have improved and valve repair approaches
have become good surgical options for isolated tricuspid as well
as bicuspid AI [2–9]. Understanding the mechanisms of valve dys-
function and the aetiology of lesions has greatly aided surgeons
in terms of technique development. Over the past decade,
several surgical techniques have been described to correct AI
according to the mechanisms of valve dysfunction. Aortic cusp
prolapse has been corrected by techniques attempting to
shorten the free margin of the cusp; the most commonly
described techniques are plication (central or paracommissural),
triangular resection, free-margin resuspension and our modiﬁed
approach for free-margin resuspension, named ‘the chordae
technique’ [2, 6, 7, 10, 11].
Despite increasing enthusiasm for AVR, the impact of aortic
valve morphology (tricuspid or bicuspid) on long-term results is
still poorly researched and the best surgical technique has not yet
been established. We aimed to investigate the impact of aortic
valve morphology and the different cusp repair techniques, in-
cluding aortic annulus stabilization, on long-term AVR results.
MATERIALS AND METHODS
Patients
Since February 2003, 216 patients with AI underwent AVR in our
institutions. Ages ranged from 26 to 82 years (mean 53 ± 15
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years). Sixty-six (27.7%) patients received a replacement bicuspid
aortic valve (BAV); among these, 16 patients had type 0 BAV, 40
patients had type 1 and 10 patients had type 2, according to
Siever’s classiﬁcation [12]. Demographics and clinical data are
illustrated in Table 1. The mechanisms of valve dysfunction
according to functional classiﬁcation were as follows: type I in 55
(25.5%) patients, type II in 126 (58.3%) and type III in 35 (16.2%).
Concomitant aortic root or ascending aorta replacement proce-
dures were carried out in 147 patients (68%) (Table 2).
Study endpoints
The study endpoints were (i) late incidence of recurrent AI, (ii)
ﬁve-year freedom from cardiac-related deaths and (iii)
valve-related events (recurrent AI ≥ grade II, aortic stenosis with
mean gradient more than 25 mmHg and reoperation on the
aortic valve).
Echocardiographic evaluation of the aortic valve
lesions
Pre- and postoperative echocardiographic examinations were
performed using the iE33 ultrasound imaging system (Philips
Medical Systems, Veenpluis, Netherlands). Images from the
transthoracic parasternal long-axis and short-axis views were
acquired. Diameters of aorto-ventricular junction (AVJ), sino-
tubular junction (STJ) and ascending aorta were routinely mea-
sured. The grade of AI was evaluated semi-quantitatively and
was classiﬁed into four grades: mild (grade I), moderate (grade II),
moderate-to-severe (grade III) and severe (grade IV). Using a
fully-sampled matrix-array transoesophageal echocardiographic
(TEE) transducer (X7-2T, Philips Medical Systems), intra-operative
TEE examinations were performed in all patients, before and
after weaning from cardiopulmonary bypass (diastolic blood
pressure at 70 mmHg), to identify the mechanisms of valve
dysfunction or residual aortic insufﬁciency. Aortic cusps and root
lesions were categorized according to their functional classiﬁca-
tion [1]. Valve dysfunction was described by the cardiologist and
conﬁrmed by the surgeon intraoperatively into three main
mechanisms: normal leaﬂet motion with dilatation of the aortic
functional annulus or ascending aorta (type I), excess leaﬂet
motion including cusp prolapse and free-edge fenestrations
(type II) and restrictive leaﬂet motion with cusp retraction
and/or cusp calciﬁcations (type III).
Surgical technique
In all patients, the chest was opened by median sternotomy,
with cannulation of the aorta and the right atrium for nor-
mothermic cardiopulmonary bypass. After aortic cross-clamping
and aortotomy, cardioplegic arrest was induced by infusion of
blood cardioplegia directly in to the coronary ostia. During
cardiac arrest, all the components of the aortic root were
inspected: in particular the morphology of the aortic cusps was
assessed.
Our systematic approach for aortic valve analysis has been
previously described [11]. The criteria for selecting the method
of aortic valve repair are closely related to the type of valve dys-
function based on functional classiﬁcation. We used a systematic
surgical approach, beginning with valve analysis by TEE followed
by intraoperative inspection. Subcommissural plasty was per-
formed using a 2-0 Ticron suture, reinforced with Teﬂon
Table 1: Demographic and preoperative patient
characteristics
Variables No of patients (%)
Age (years) 53 ± 15
Male gender 166 (76.8%)
Diabetes 22 (10%)
COPD 21 (9.7%)
Hypertension 101 (46.7%)
Creatinine >1.5 mg/dl 11 (5%)
Angina 6 (2.7%)
Atrial fibrillation 12 (5.5%)
Bicuspid valve 66 (27.7%)
Type 0 16 (24.2%)
Type 1 40 (60.6%)
Type 2 10 (15%)
NYHA functional class
II 125 (57.8%)
III 36 (16.5%)
IV 24 (11%)
Ascending aortic pathology
Atherosclerotic aneurysm 55 (25.4%)
Degenerative 111 (51.3%)
Marfan 36 (16.6)
Type of valve dysfunction
Type I 55 (25.5%)
Type II 126 (58.3%)
Type III 35 (16.6%)
Grade of AI
Moderate-to-severe 58 (27%)
Severe 158 (73%)
COPD: Chronic obstructive pulmonary disease; NYHA: New York
Heart Association; AI: aortic insufficiency.
Table 2: Intraoperative data and surgical techniques
Variables No of patients
Cusp repair
Plication 84 (38.8%)
Free-edge reinforcement (Gore-Tex) 80 (37%)
Chordae technique 52 (37.5%)
Triangular resection of raphe + re-suturing 40 (18.5%)
Procedures on functional aortic annulus
David’s procedure 78 (36%)
Ascending aortic replacement (STJ remodelling) 69 (32%)
Subcommissural plasty 138 (63.8%)
David’s procedure + cusp repair 20 (9.2%)
Ascending aortic replacement (STJ
remodelling) + subcommissural plasty
41 (18.9%)
Associated surgical procedures
CABG 22 (10%)
Mitral valve repair 12 (5.5%)
Intraoperative
Bypass time (min) 101 ± 46
Cross-clamp time (min) 87 ± 32
STJ: Sinotubular junction; CABG: Coronary artery bypass grafting.
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pledgets (DuPont, Wilmington, DE, USA) placed at the base of
the interleaﬂet triangle to treat annular dilatation. For cusp pro-
lapse, we used the cusp plication technique, free-edge reinforce-
ment with Gore-Tex suture or the chordae technique [11]. The
cusp plication technique was performed using a 6-0 Prolene
suture (Ethicon Inc, Hamburg, Germany) placed in the central
zone of the elongated free margin of the cusp and extended
perpendicularly from the free margin about 5 mm through the
belly of the leaﬂet to decrease distension. If excess tissue was
found in the plication zone, small resection was performed to
avoid postoperative restrictive leaﬂet motion. The free-edge re-
inforcement technique was performed using a CV-6 or CV-7
Gore-Tex suture (W. L. Gore and Associates, Flagstaff, AZ, USA),
passed in running fashion over and over, along the entire length
of the free margin. Free margin shortening was obtained by ap-
plying tension on both suture arms, which were locked at the
level of the commissures when an appropriate correction had
been reached. The chordae technique was performed by a free-
margin reinforcement using three Gore-Tex sutures. The ﬁrst
suture was placed at the free margin of the cusp, starting from
one commissure to another; the second was placed at the free
margin of the leaﬂet from one commissure to the noduli of
Arantius and passed through the ascending aorta at the level of
the STJ; ﬁnally, a third suture was placed in the same manner
from the opposite commissure of the leaﬂet to the noduli of
Arantius and then through the aorta at the same level as the
second suture. On completion, two suture arms are present at
each commissure and at the level of the STJ in the outer side of
the aortic wall. Calciﬁed raphe in bicuspid aortic valves was
treated by resection and re-suturing using a 6-0 Prolene suture
or pericardial patch. STJ reconstruction was performed with
supracoronary ascending aorta replacement, thus providing add-
itional stabilization of functional aortic annulus. Finally, concomi-
tant surgical procedures were performed as necessary (coronary
artery bypass grafting, mitral valve repair, etc.).
Follow-up data
Follow-up was performed at six-month intervals through our
outpatient clinics. Pre- and postoperative clinical status was
determined according to NYHA functional class for heart failure
symptoms and the CCS for angina. Clinical and echocardio-
graphic follow-up data were obtained in all patients and were
100% complete. Data were obtained from our computerized
outcome data collection instrument. The mean follow-up time
was 42 ± 16 months and ranged between 3 and 82 months. The
closing interval during follow-up was 2–3 months.
Statistical analysis
Data are presented as the mean ± standard deviation for con-
tinuous variables or as a percentage for categorical variables.
Cox regression analysis was used to identify predictors for aortic
valve-related events. Where appropriate, hazard ratios were
computed with the 95% conﬁdence intervals. The actuarial sur-
vival and other time-related events were analysed using the
Kaplan-Meier survival curves. The log-rank test was used to
compare statistical signiﬁcance level. Values of P < 0.05 were
considered statistically signiﬁcant. SPSS statistical software (SPSS
Inc, Chicago, IL) was used.
RESULTS
Combined AVR plus root or ascending aorta replacement was
performed in 147 patients while isolated AVR was performed in
69. Cusp repair included plication in 84 cases, free-edge re-
inforcement in 80 and the chordae technique in 52. Triangular
resection of calciﬁed raphe, with direct re-suturing or patch re-
construction, was performed in 40 patients receiving bicuspid
valves; in this cohort of patients, free-edge reinforcement with a
Gore-Tex suture or the chordae technique were added for cusp
resuspension. All data are listed in Table 2.
Early outcomes
The overall incidence of in-hospital deaths was 2.7% (six
patients). Three patients died from pneumonia, one from peri-
operative myocardial infarction, one from stroke and one from
bowel ischaemia. Re-exploration for bleeding was needed in 12
(5.5%) patients.
One patient had a supra-annular aortic wall laceration at the
level of subcommissural plasty, between the right coronary cusp
and non-coronary cusp, with a right ventricular wall haematoma
and right coronary artery compression requiring CABG. A
second pump-run was required in 18 (8.3%) patients to correct
residual AI. Mechanisms of remaining AI were residual cusp pro-
lapse in 12 patients and functional annulus dilatation in six.
Mean aortic cross-clamp and cardiopulmonary bypass times
were 101 ± 46 and 87 ± 32 minutes, respectively.
The mean postoperative hospital stay was 9 ± 2 days. At hos-
pital discharge, echocardiographic examinations showed a trivial
central residual AI in 15 (7%) patients.
Late outcomes
There were 18 late deaths, including 15 (6.9%) cardiac-related
deaths. Causes of late deaths were heart failure in six patients,
sudden death in ﬁve, cancer in three, malignant arrhythmias in
two, stroke in one and one unknown. Overall survival rate was
91.5% (Fig. 1(A)).
At follow-up a total of 28 (14.5%) patients had recurrent
moderate-or-greater AI. Among these, 10 (5.2%) patients had
moderate-to-severe AI and needed re-do aortic valve operations at
1, 2, 4 and 5 years after the ﬁrst procedure. Causes of severe AI
were cusp re-prolapse in eight patients and suture disruption in
two. Eighteen patients with moderate AI were in NYHA functional
class I or II and still under clinical follow-up. Three patients (1.3%)
had moderate aortic stenosis and two (0,9%) had endocarditis. No
thromboembolic valve-related events were found. Freedom from
reoperation and from recurrent AI rates are illustrated in Figure 1(B).
Freedom from valve-related events was signiﬁcantly different
between patients receiving bicuspid and tricuspid valves (P <
0.01) (Fig. 2(A)). Statistically-signiﬁcant differences were found
for the subgroup of patients with type 2 bicuspid valve (Fig. 2
(B)). Repair of type III AI had worse results, compared to type I
and type II (P < 0.001) (Fig. 3(A)). The chordae technique and the
cusp plication approach produced better results, compared to
cusp free-edge reinforcement alone (P < 0.01) (Fig. 3(B)).
Isolated AVR, with either bicuspid or tricuspid valves, pro-
duced worse results, compared with combined AVR and
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stabilization of all components of the functional aortic annulus
(David’s reimplantation procedures or replacement of the
ascending aorta with STJ remodelling plus subcommissural
plasty) (Fig. 4(A) and (B)).
By Cox regression analysis, bicuspid type 2 aortic valve (P =
0.0003, HR = 10, CI = 6.6–92), type III dysfunction (P = 0.001, HR
= 7.0, CI = 1.9–50), free-edge reinforcement (P = 0.01, HR = 5, CI
= 1.7–15) and isolated AVR (P = 0.01, HR = 8, CI = 2.1–35) were
identiﬁed as predictors for recurrent AI equal to or greater than
grade II and aortic valve reoperation (Table 3).
DISCUSSION
Interest in aortic valve repair and the aortic valve-sparing oper-
ation has been growing for more than a decade [13–15]. Several
surgeons tried to develop a successful repair technique for AI
[3,16–20]. Unfortunately, in the ﬁrst era, the surgical results of AVR
were less satisfactory than mitral valve replacement, since repair
is hampered by the lack of valve tissue available to achieve a
good competence. Recently, thanks to better knowledge of the
anatomy and function of the aortic valve and improvements in
surgical techniques, AVR is now considered the best surgical
approach for patients with AI in many centres [4, 20–24].
In the current study, we analysed the AVR outcomes, compar-
ing the different leaﬂet repair techniques and the surgical
approaches for the ascending aorta and aortic root. We also
compared the repair results between tricuspid and bicuspid
valves. In our series, ﬁve-year freedom from reoperation and
from recurrent AI for the entire population were 94.8 and 85%,
respectively (Fig. 1(B)). Five-year freedom from valve-related
events was signiﬁcantly different between patients with tricuspid
Figure 1: (A) Overall survival rate (±SD) for all patients. (B) Freedom from reoperation on aortic valve (solid line) and from aortic valve insufﬁciency grade equal to
or greater than moderate (dashed line).
Figure 2: (A) Freedom from aortic valve-related events between patients with tricuspid (solid line) and bicuspid (dashed line) valve (P < 0.01). (B) Freedom from
aortic valve-related events for patients with tricuspid valve (solid line), bicuspid type 0 + 1 (dashed line) and bicuspid type 2 (ﬁne line).
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and bicuspid valve (92.3 and 73.2%, P < 0.01): this can be
explained because there are poor outcomes in patients with
type 2 bicuspid aortic valves (calciﬁed raphe, poor cusp quality
and commissural fusion) (Fig. 2(A)). Patients with types 0 and 1
bicuspid aortic valves have good long-term results similar to
those with tricuspid valves (Fig. 2(B)). Given good leaﬂet quality
and non-extensive calciﬁcations, results showed that AVR with
bicuspid valve is an easy and safe procedure and must be
encouraged. Presence of one raphe, even if calciﬁed, may be
treated successfully by raphe resection, shaving and direct cusp
re-suturing. If a wide leaﬂet gap is present after raphe resection,
pericardial patch reconstruction may be used.
We are in agreement with the studies that have thought it
easier to repair bicuspid valves because only a single coaptation
line has to be appreciated in contrast to the more complex inter-
ference of three coaptation lines of tricuspid valves [6, 8, 9, 21].
Casselman et al. tried to determine the durability of repair of
bicuspid aortic valves with leaﬂet prolapse and to identify pre-
dictive factors for repair failure [6]. They studied 94 patients: tri-
angular resection was used in 66 patients and plication in 28.
Freedom from reoperation was found in 95%, 87% and 84% of
cases at 1, 5 and 7 years respectively. The risk of reoperation was
highest immediately after operation and fell rapidly to approxi-
mately 2% per year and less than this after two years. The only
risk factor identiﬁed was the presence of residual AI on immedi-
ate intraoperative post-repair (trace to mild in 35 cases). In our
series, ﬁve-year freedom from valve-related events for tricuspid
valve, bicuspid types 0 plus 1 and bicuspid type 2 were 97.8%,
92.5% and 72.4%, respectively (Fig. 2(A) and (B)).
Schäfers et al. published their experience in bicuspid and tri-
cuspid aortic valve repair [2, 9]. Valve reconstruction primarily
consisted of correction of cusp prolapse by plication or
Figure 3: (A) Freedom from aortic valve related-events according to functional classiﬁcation of aortic valve regurgitation. type I (solid line), type II (dashed line)
and type III (ﬁne line). (B) Freedom from aortic valve-related events according to cusp repair techniques. Plication (solid line), valve resuspension with Gore-Tex
(dashed line) and the chordae technique (ﬁne line).
Figure 4: (A) Tricuspid. (B) Bicuspid. Freedom from aortic valve-related events for patients who underwent aortic valve-sparing (solid line), ascending aorta re-
placement (dashed line) and isolated aortic valve repair (dotted line).
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triangular resection of the fused cusps. Calciﬁcation of the raphe
or deﬁciency of cusp tissue was treated by excision and insertion
of glutaraldehyde-ﬁxed autologous pericardium. Five-year
freedom from AI grade II or greater was 95.5% after remodelling,
92.1% after isolated valve repair and 91% after valve repair plus
ascending aortic replacement. Five-year freedom from reopera-
tion was 97% after remodelling and 94.3% after valve reconstruc-
tion only. The pioneering work of Schäfers’ group showed that
the results of AVR were improved when all components of the
aortic root were stabilized by remodelling techniques. In our
series, ﬁve-year freedom from valve-related events for patients
who underwent AVR plus re-implantation, AVR plus ascending
aortic replacement, and isolated AVR were, respectively, 97.8%,
88.5% and 86.5% for tricuspid valve and 98.5%, 89.6% and 84.2%
for bicuspid valve (Fig. 4(A) and (B)). We showed that the func-
tional aortic annulus stabilization by aortic root reimplantation
technique give better results in terms of late recurrent AI, com-
pared with isolated subcommissural plasty, with or without
ascending aorta replacement, using either tricuspid or bicuspid
aortic valves (Fig. 4). The reason is that reimplantation techni-
ques stabilize all components of the functional aortic annulus
(nadir of the valve, STJ and the continuity between both), com-
pared with isolated subcommissural plasty.
De Kerchove et al. published their results of cusp prolapse
repair, where freedom from reoperation at ﬁve years was 100%
for plication, 96% ± 4% for resuspension and 93% ± 7% for plica-
tion plus resuspension [10]. The authors found that both cusp
plication and resuspension are safe and durable techniques to
correct prolapse. However, plication is preferred by the authors
because of its lower risk of overcorrection. Our data found a ﬁve-
year freedom from valve-related events of 98.2% for the chordae
technique, 97.8% for plication and 90.2% for resuspension by
free-edge reinforcement. We think that, in patients with poor
cusp quality with redundant leaﬂet and severe prolapse, isolated
cusp free-edge reinforcement could result in early valve repair
failure, with cusp re-prolapse due to slipping of the Gore-Tex
suture. In this cohort of patients we suggest the plication-plus-
resuspension approach or the chordae technique.
In conclusion, AVR can be performed with low operative risk
and excellent long-term results, either with tricuspid or bicuspid
aortic valves. Results were better in type 0 and -1 bicuspid aortic
valves, compared with type 2. Patients with type I and II func-
tional AI have better results compared to type III. Cusp plication
or the chordae technique appears to be much safer than iso-
lated free-edge reinforcement. The approach of aortic
valve-sparing surgery with reimplantation improves long-term
outcomes. Although isolated AVR had poorer results than the
techniques of stabilization of the annulus, our long-term results
in this subgroup of patients are satisfactory. Finally, as regard to
bicuspid type 2 aortic valve and to tricuspid aortic valve with
type III dysfunction, we nowadays recommend aortic valve
replacement. Isolated aortic valve repair must be performed, in
our opinion, in the normal aortic root and ascending aorta. On
the other hand, we recommend aggressive replacement of the
ascending aorta with sinotubular junction remodelling and aortic
valve reimplantation for root dilatation because of improved
long-term results of aortic valve repair.
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